Tasting sweet food elicits insulin release prior to increasing plasma glucose levels, known as cephalic phase insulin release (CPIR). The characteristic of CPIR is that plasma insulin secretion occurs before the rise of the plasma glucose level. In this experiment, we examined whether taste stimuli placed on the tongue could induce CPIR. We used female Wistar rats and five basic taste stimuli: sucrose (sweet), sodium chloride (salty), HCl (sour), quinine (bitter) or monosodium glutamate (umami). Rats reliably exhibited CPIR to sucrose. Sodium chloride, HCl, quinine, or monosodium glutamate did not elicit CPIR. The non-nutritive sweetener saccharine elicited CPIR. However, starch, which is nutritive but non-sweet, did not elicit CPIR although rats showed a strong preference for starch which is a source of glucose. In addition, we studied whether CPIR was related to taste receptor cell activity. We carried out the experiment in rats with bilaterally cut chorda tympani nerves, one of the gustatory nerves. After sectioning, CPIR was not observed for sweet stimulation. From these results, we conclude that sweetness information conducted by this taste nerve provides essential information for eliciting CPIR.
Taste sensations have been classified into five submodalities: sweet, salty, sour, bitter, and umami, which typically represent particular categories of stimuli. Sweetness is represented by carbohydrates, sourness by spoilage materials, salt by minerals, bitterness by toxic substances, and the umami by amino acids. On the basis of these signals, animals discriminate between nutrient and toxic substances. The sense of taste involves not only responding to foods and transmitting the chemical information of the food to the central nervous system but also setting up appropriate caloric intake action and taste related reflexes (3, 4) . For example, strong sourness increases secretional saliva (4, 6, 9) which helps to prepare for smooth digestion and absorption of food before it reaches the stomach. It is also known that taste stimuli can produce insulin secretion via the β cell of the pancreas (1) (2) (3) 6) . The characteristic of cephalic phase insulin release (CPIR) is that plasma insulin secretion occurs before the rise of the plasma glucose level. The typical characteristic of CPIR is that plasma insulin is secreted within 2 min after oral sensory stimulation, peaks at 4 min, and returns to baseline within 8-10 min after stimulation (4, 6, (14) (15) (16) (17) (18) . Although many CPIR related experiments have been conducted using multiple animal species, including human, the functional role of CPIR is not clearly known (1, 3, (6) (7) (8) (9) (10) . In CPIR research, food substances are typically placed in the oral cavity. In many cases, more attention is paid to "food composition" than to "food taste" (6, 7, 13) . There is no report that examines the effect of the 5 submodalities of taste on CPIR systematically. It is important to clarify this relationship between qualities of tastes and CPIR. The purpose of this study is to clarify the Then both CT nerves were exposed and bilateral CT nerves were sectioned. After each operation, the wound was closed with autoclips and the animal was returned to its cage for recovery.
Cardiac and oral catheter surgeries. After rats reached a surgical level of anesthesia (pentobarbital, 40 mg/kg, i.p.), cardiac catheterization (0.5 mm inside diameter, 1.0 mm outer diameter) for blood collection was inserted from the right external jugular vein to the right atrium. The catheter exited and exposed about 3.0 cm from the parietal region through a hypodermic. Simultaneously, the catheter for the taste stimulation (0.5 mm inside diameter, 1.0 mm outer diameter) was implanted into the oral cavity through the right cheek and exited and exposed about 3.0 cm from the parietal region through a hypodermic. After each operation, the animal was returned to its cage for recovery.
Samples and measurements. Taste stimulation and blood collection were performed under non-anesthesia and non-restraint using customary methods. Taste solutions (1.0 mL) were given for 45 s into the oral cavity via the oral catheter. After a 12-h fast, blood samples were obtained from the cardiac catheter at −5, −1, 1, 3, 5, 7, 9, 11 and 15 min after taste stimulation. Plasma glucose levels were determined by the glucose oxidase method (Glucose B-test, Wako Pure Pharmaceutical, Osaka, Japan). Plasma insulin concentrations were determined by ELISA kits (Morinaga, Yokohama, Japan).
Statistical analysis.
All values are presented as means ± SE. Statistical significance was examined by an ANOVA, with post hoc testing by means of Duncan's multiple range test. Comparisons between groups were made by Student's t-test. In all tests, p < 0.05 was accepted as significant.
RESULTS

Chorda tympani (CT) nerve responses and water intake for five fundamental taste solutions
The tongue was rinsed with distilled water. Gustatory CT nerve responses for various taste stimulations are shown in In Fig. 2 , rats distinguished each taste solution from distilled water. Rats preferred sucrose solutions (27.8 ± 5.5 mL/day, n = 4) but avoided other solutions (acetic acid: 1.1 ± 0.7 mL/day, n = 4; NaCl: characteristics of taste specificity of CPIR using the rat.
MATERIALS AND METHODS
Animals. Male Wistar rats weighting 120-220 g were housed in plastic cages at 22 ± 1°C with a 12 : 12 h light: dark cycle (light on 07 : 00-19 : 00 h). They were given free access to laboratory chow (LABO MR Sttock, Nihon-Nosan, Yokohama, Japan) and water. Neural recording procedure. After the rat was sufficiently anesthetized with pentobarbital administration (40 mg/kg, i.p.), the trachea was cannulated. The rat was fixed in a supine position in a head folder, and the chorda tympani (CT) nerve was exposed and cut near its entry into the tympanic bulla. For whole nerve recording, the entire nerve was placed on a bipolar silver wire electrode. The electrophysiological recording method as well as the methods for chemical stimulation of the taste cells have been previously described (12) . Each chemical solution was applied to the tongue for 20 s. Solutions were delivered at a flow rate of 0.5 mL/s. Interstimulus intervals were at least 1 min, during which time the tongue was rinsed with distilled water.
Behavioral analysis (two bottle preference tests).
Rats were first trained to drink at equal rates from two bottles of distilled water. After training, distilled water was kept in one bottle while a test solution was placed in the other. The position of the bottle was switched every 24 h, and the intake volume was measured every 24 h for 3 days. During the experiment, each rat was kept in an individual plastic cage and fed solid food ad lib.
The bilateral sectioning of chorda tympani nerve (CT). Six rats were subjected to surgery for bilateral sectioning of the CT. Rats were anesthetized by i.p. injection of pentobarbital (40 mg/kg). Each animal was secured with a head holder in a prone position and an incision was made along the mandible tip. 142.8 + 12.5 mg/dL, n = 6). Thus CPIR was induced by the sucrose stimulation of the tongue. Table 1 presents the results of plasma insulin concentrations and plasma glucose concentrations for acetic acid, NaCl, QHCl and MSG. No significant changes were observed.
Sweetness and CPIR
In presenting the 5 fundamental tastes, only sucrose elicited CPIR. However, sucrose has two characteristics: sweet and nutritive. Next, we tested whether 'sweet' or 'nutritive' could elicit CPIR. Testing with the non-nutritive sweetener saccharine did elicit CPIR ( Fig. 4A and B) . However, the non-sweetener nutritive starch did not elicit CPIR ( Fig. 5A and B) .
The effect of bilateral sectioning CT nerve
Finally, we studied whether CPIR was related to 2.2 ± 0.8 mL/day, n = 4; QHCl: 0.7 ± 0.7 mL/day, n = 4; MSG: 7.5 ± 2.5 mL/day, n = 4). The water intake of a rat was 25.1 ± 1.7 mL/day. In Fig. 3A, 3 min after the sucrose stimulation, there was a 3 to 4 times increase in plasma insulin concentration compared to levels prior to stimulation (before stimulation 3.0 ± 0.7 ng/mL and after 3 min 12.4 ± 4.5 ng/mL, n = 5). The rise of the plasma insulin concentration was transient, and declined within 7 min. In Fig. 3B , the change of the plasma glucose level after sucrose stimulation is plotted. The transient increase in insulin secretion was observed before the rise of the glucose level (before stimulation 88.5 ± 8.5 mg/dL, 3 min after stimulation 99.3 ± 8.5 mg/dL, n = 6, 5 min after stimulation 112.2 ± 6.5 mg/dL, n = 6, 11 min after stimulation tionship between cephalic phase insulin release (CPIR) and taste quality since there are no previous reports examining the relationships between CPIR and these stimuli. In our experiments, the tongue was rinsed with distilled water and the taste cells were adapted to distilled water. Sucrose, acetic acid, NaCl, QHCl, MSG and saccharin elicited robust CT responses (12) . The characteristic of CPIR is that plasma insulin secretion (plasma insulin release) oc- taste receptor cell activity. Experiments were carried out in rats with bilaterally cut CT nerves, one of the gustatory nerves. After sectioning, CPIR was not observed for sweet stimulation. The results are shown in Fig. 6A and B .
Five fundamental taste solutions and CPIR
DISCUSSION
Five fundamental tastes, sweet, sour, salty, bitter and umami, were examined in order to clarify the rela- curs within 2 min after oral sensory stimulation, that is, the transient increase in insulin secretion was observed before the rise of the plasma glucose level. From our results, it is clear that CPIR was elicited only by sucrose stimulation, a sweet stimulus (2, 3, 16) . Since sucrose has two characteristics, sweet and nutritive, it is important to clarify which characteristic is related to CPIR. We tested both saccharin and starch: the artificial sweetener saccharin is sweet but not nutritive and starch is nutritive but not sweet. The non-nutritive sweetener saccharine did elicit CPIR whereas the non-sweetener nutritive starch did not. It has been reported that the rats show a strong preference for starch which is a source of glucose, but starch did not elicit CT responses (8, 10, 11) . From the results, it became clear that CPIR peculiarly appeared for sucrose, and it was proven that it is important that CPIR is elicited by sweet, not by nutritive stimuli. Next we studied whether CPIR was related to taste receptor cell activity. We carried out the experiment in rats with bilaterally cut CT nerves, one of the gustatory nerves. After sectioning, CPIR was not observed for sucrose stimulation. From these results, we conclude that sweetness information conducted by this taste nerve provides essential information for eliciting CPIR.
